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(54) ABRASIVE AND POLISHING METHOD 

(57)Abstract: 

PURPOSE: To form a highly reliable conductor film at 
a high polishing speed by forming a film composed 
mainly of a metal on a substrate having recessed 
sections on the surface to fill up the recessed 
sections and suppressing the occurrence of dishing 
by using a chemimechanical polishing method using an 
abrasive containing a chemical reagent and etching 
agent. 

CONSTITUTION: A substrate 12 to be polished is 
composed of a silicon substrate 21 and a silicon oxide 
film 22 and carbon film 23 successively formed on the 
substrate 21. After forming grooves for wiring, 
openings for continuous wiring, etc., in the film 22 by 
patterning the films 23 and 22, a titanium nitride film 
24 and copper film are successively formed on the 
surface of the substrate 12. The copper film 25 have 
recessing and projecting sections which are formed in 
accordance with the steps provided on the surface of 
the silicon oxide film 22 which is the base film of the 
film 2. An abrasive is prepared by dispersing silica particles as abrasive partick 
solution (Cu etching solution) of a glycine solution and hydrogen peroxide so 
benzotriazole (chemical reagent) to the mixed solution. 




LEGAL STATUS 



Searching PAJ 



[Date of request for examination] 13.10.2000 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other 
than the examiner s decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1 998,2000 Japanese Patent Offi 



d9) B*a#w/f (jp) 02) & 4gf fft & ^£ (a) (umfuum&mm^ 

wmm -83780 



(43)^180 ¥^8^(1996)3^260 



(51) IntCl" 




F I 




H 0 1 L 21/304 


3 2 1 M 

p 






C 2 3 F 1/18 


9352 -4K 






// C 0 9 K 13/06 


1 0 1 












TkHA M*«©»11 OL (£12 JO 


(21)ffi8»# 


IftWm -55290 


(71)WiaA 


000003078 










(22) OIK B 


¥J£ 7 ^(1995)3^150 










<72)ffiW# 




(31)«5fc»£®#^ 


159898 




»^;iim/ii«ru^K/M6i*^irri#«s * 


(32)ffi5feB 


¥6 (1994) 7 £120 






(33)flE5fc«£3gB 


H* (JP) 


(72) IBM* 
























(72)»l»§ 
























(74)ft3A 










m»M\zm< 



(54) [s&gn©£*M mmm^rmm^ 



(57) [gift] 

let. Krsa^iPi*ifiJE»t"r*tm4jRi£rr*c4«: 
jw*ffl«r»fc{fc^««»we*ffiK «fc o , mizmzmm o 




mia^n t r sttft t jsigt sciKio stria 
wtoim#m&mi-t 5114 . *i«rr set 

[fS*^2] ffllB£«#Cu*fct4Cu£&r*»K 

[I»#3«4] fflKx^^fJWiUT. Cu££j&J> 
it4ttfHc»T5i 7 ^>^iIK*s 1 0 n m/^«± 

A^L-tbT 1/1 0 0 0-3/1 00 ©i5Bt?$> •Stf^? 

[ MM>m 6 ] Ml B&JI #W * /ctt W^^fc 0 . M 
M t^MMWPK <i4N-'«> , /^-N-7*iA 

1 l2*£©WS^rffio 30 

[i»j*aB7j *fflcciaaj?fewr4it(*:±K:. mrfBDasc 
m a^Ji *±jsR» -t -r sttft £ s^*- & c <t «c j; o fr la 

[»J*8I8] «f8E^«3WCu*3te«Cu^fer*»3. 
huIBx vZ-^VWfiT 5 ^SKfciy/Sfein 5 FSS 

cm*! i o ] £H*±fiS»£-r4tm££jt.-r*c 



#^¥8-8 3 7 8 0 

2 

NUiattft©x^>d^J££$WTSC<i 

[000 1 ] 

ML, #K^<*7v^*giiSX!i^©MraXX«^ 
[0002] 

[ «£*©«»] ifi^. LS I©ffiJRHML iS14*g<b©/c 

TCMPt^Bg-r^) «. ^©J:5ftJ&Gl>SSijf-{b©g 
*%«Sfc-i-fca>{clTIS3n-CC>4JB9B©— o-c*»). c 

*i*»6©*a«*^<-f^ie6iii. »cc. ^JiettuBift 

Igtc*5»S)g|HI*fi«i!©3|«a^. « 

«6ii*iaiBJeRR«:tec»r'ifai©t$*"C**. c©*ffi . 

«, ^Ijxtf. C.W.KaantaP)-^, K.D.Beyer 6tC<fc-oT:JS 
SS3^"Cl^(VMIC Conference 1991 p. 144 C.W.Kaanta 
et.al . .U.S. Pa tentNo. 4944836 Beyer et.al.) „ 
[0003] S/c, LSI ©i«jS{b©fa^3&»6. fiSSfeJ: 

£ C u ifimzte ias§ll5f ft i: b -C^f* 3 hT l » S . C u « 

JSt5tt-r^->x -^^>^cj:4ft]X*5Bii-c*-S©r. 
C u «rS«fm t L. rfflt ^«^tc CMP SOB«fiJffi L 

•s. c©j:^aa«bii*EiiwBiacerj*B. «*.k«fW¥ 

2-27 8 82 2^fR^tC «t 0 ^3*T.TC^„ C© 
J;C^C ©JB©^^ 6 %5fi^ 7'J-4ffll,>-CCu4 
[0004] 

«Jf&ii*EilS0BfiS*ffiR: J: 0 C u icM&^-x.?, c£ts< 
JSarcwei/J: 9 W*^5y~ipK* 
W5Cu*x>f>m^OM^< LtGuffli 
9^>y*»<-r4'i«3&«**. COA5K:Cu*i» 

i ia«*»fisr-5©*«ffl!ir*s. 

[0 00 5] */c. CMPt0R*WfflO3tWE«l^fiJi«: 

ls i se^*BfiR-rs©*sffl^r&s„ $6.ic. cmp 
J$^J**iJfflofcw iSlgff^cfcu-ct, 

[0 006] *^w«*^-5*tc«*r^$nfc*>©-r- 



mmjmnmr 4 c t * aw t -r s. 

[0007] 

k©£i»©#*wj&o. iaaj©*{cawi-r4Bi*a# 

Off 5 <t> DflfflJ©*«cBWi-r*M*SWJ:<» 

a*. mmffimmimmm&J)m< . ^uttf^-f^aa 

■C. #»B#6W:. WRft§FB&4b¥BOT££&H*£ 

JBCC#5T 4fiK# £ < b^W W* tcSF^-r 4 9HgCc 
Ofc. ^LT*:|feBJ^6«. C©#g?«Cg-3<,>T. gffj 

HTCMP&frSCifcJ:*). gffj£ir4IIg_hCC{S«Jl 

IW**oCi*«nK:*ji>T:««flWFjS{c«fc 0 ^ccBfc 

[0008] aoKiaaJtwr s 

t*»36>6tt&J«*»JiS-i'*IS«!:. furfa&Jg£±J&$>£ 
f 4 tm £ SJtf 4 C £ ic J: 0 HulBJiaffi (cftS E1& JE? 
SET aft*!*** J: O'Bflia^P £ t 4 ttWDx. 

r sis £ t jwrr 4 c £ &«&t £ -r 

T4. 

[0 00 9] CCT. Ktil/ttt. S";3>«S. T 
FT-LCDfflO^^Sfi, GaAsftDft^»l 
A*6ftiiR*4ffll.>4Ci*iT!f5. *f*gtffi©Gfl 
$K. flaE>&*&flR£tt©BRflS. fc'T. *A:B3>i 

[0 0 1 0 ] &m*3£l8,ft±T2>ttm±LXl l Z, Cu. 
CuM, Ag, Ag^fe, A 1 . A W. W£- 

Cft6©gtfb13j, Cft6©r£Ji&c^ffi©^W?>8S 

fln^##gftri>4k©3££flH>4c £*>*-?# 4„ s 

fc. C©»WtSl6-r4Ci«:j:0fi!BW*JKltR-r&<fc 
ttaiLTtt. 'O'/h yr'/-JU (fclT. BTAi 
4jr08T4) , BTAiitt, ^iJ^«BTA©^>-fe*>^ 

©-o©*3Rjw^-*^ ^;u8r-g^ufc^© ( h h 

VTV-fr (TTA) > 3f*\ CftfcfcdtfB^ft. ? 
'J7y-A. if ^UT-rt/ K+->A. ^D>. ji^U 



(3) WW¥8 - 8 3 7 8 0 

4 

P-T5 ^OXTJbft h\ ^OftB, 

Wx. tf F t^jI^ ;l/*7 :/ £ > . * * * x *>$«£© 

J8«fciycti6©«J!R©i!»#*fcB*ti€)©»^«|, N 
-•^>V'C;l/-N--7 x^-JUt Fd + ->JUT5> (fci 
T. BPA±WT&) . BPAg*#f4ffll,^Ci 
jP-CS*. Sfc. fb**ai«:tt. 4 (M 

W«Mb^«J3Ji»*l/l». BTA, BTAWW. 
10 ^x.(iBPA©-^>-fe'>iS© — ^©Tk^M^^^-'l'* 

■ca«ofct©«^. cn6*$tfii^«. &m«£ 

S»»*IB»-rS. *fc> BPA, BPAH^ 

[ooi i ] *K**ji8»tr*tm©x»^>iow 
t*. *©tm«:j:oa[saHi?-r«c4*ir#s. w*. 

ne©s^et<b. iAMtb** (H, O, ) . «B. 

20 £Sm ^/>*^©g^b8U££$W-f4x^>;^J 

[0 0 1 2 3 S/c. £JS£^#<fcTStm#W£/c« 

30 XfU>S/7 5>i ©jg^*^. ->T >{t* y 

y >B(i©«^*«*W*ffl«r»<5Ci*t"C*4. 

[0013] 4M*&ttt*zmtt<tmmtME. 
r tt, cmp «±fe<b^^*j<t: o*x „ ^ > vm^m 

^iai*jSJiqOft:iWEWWW*fflt»rfTorfeJ:i». « 
40 #©^. cMP«c*»i>T<bWKai*iWS'jtc»i»ri"* 

*. »ilSlHf«:4Bt»t:ttffl-r*W«Wffl©>'Xju<b. » 
2 SPgfCfc 1>T {^ffl-T -S WSS'Jffl© y X)V *ESIJ L/-C ffl 
t » S ^ . PSSW © ^ £ l«lj© y X Jl/* 4 1 > « 

iffjajeetcsw Aitti&p* e»fb*Bai*dtf 

4. 

[0014] *^«cfci»-cB. wmm<D*>%<t 

so £#ffltt-r 4 e £«:«»:»). ^6«:SSC»P 



(4) 

5 

mt , flwatmox * ^ > £ **wr £ c £ 
i-T4W*JW*«tt-J-*. ccr, wSflW£i/tB. r 
Barbie//* tears k*«l BMfcara. 7kfc<fc^>* 

[0016] 10 
mm] *»93B. «ffiCClH«*WTS»*±«:flWBIHI 
«*^Taj:5tC#M«:^#£TStma»&ttS« 

tc «fc 0 ffIIBJtftlitc&KjR&jgJi&-r -S^b^iS**s jrjytw 

E^*£ss»±-rstm©:E. 9 w 
a. 

[0017] KT. £H*^#£T4tt*4*«Cu»« 
*4r*«). ifc^wai*iBTA'r*4«4fflc»r*iBW© 20 
i^mtmatasmtn. cuitcBTA^tt^tfcis 

CuJRSiiH©CuSfcBCuBLkfC»JsR3ftfce*& 
StftB&DCuOfcLOiCu, 0£BTA£?W5l£LT 
Cu (I) -BTA*Sl>BCu (II) -BTA-C*? 

hscu + u- Rb£*^e>&&ii#cuis*fcBS*K 

MftBLhKSSHtc^fiSSti*. C©KB. Cu*BtS 

arc* » 9 1 > ^T-£ £ffc£fMt«*tf * * » > 
©ff«ET*c*ii>rM{h*fca:)BtA*MilW-r«fiailIiL 
rffffl-r*. *fc. c©s»ttB. cMPoiaeciFJBia 30 
* t l < » f ±mm$) • ««WKtt«rr sci 

tCj^^tebfrfeiSj— {C|&*3ft6„ COJr^ftSS 

fctlT^fc**. CMP (DmiCWm^hU < bw^ ? 
F £ ^SW • ttMfttcfgttrr & c £ tc J: 0 g^tc L* 3 4> 
«3— tcfifc* ZtlZCt B#»i»g- <5>©W?S tc «fc 0 fija&T 
HJJ6tf>tcfcote„ 

[0018] ccommmt. §2 (a) k*j»4CuB 

2 5 ±&WicBl&2 ti S. iMI$tcj&8 3 ftteffiSJUBW 
Sftt^feKBWJS^* K4©JStttcj:9g»tci**3 40 
ft*. Cti(cj:0RHiLfcCuJg2 5©ejSP«i5»^> 
y3ijtcj:r)ii5jfitcx*9 : ->:7';*n£„ C©£#. Cul 
2 5©Mffl{C3fetllSft'rt»4Cufll2 5 B&ffitCffiRll 

a^j&sti-cv-s©-?. ti£A,£x ? ^ystt&t*. 
c © J: 5 tc l r S» © HO JBtt tc fifie 0 r t > te c u K 2 

5 ©uat^/hs < as. ■«■©«. c u as 2 5 ©ia»±tc 

JftSStiteftRMB. WJMStf-fcK «PB§;^ F£fg 
ttT*c£tc,fc»)|»*;S*ia. c©®Wrtcfci,»TB. C 
u M 2 5 tc B&&#« £ ^ £& (,>t£*re£> 4 ©T- . ESS 



#P§¥8 - 83 7 8 0 

6 

u*SFSL>TDflW©#tcaJ!p¥«fc< Cu*J»?f $#-5C£ 

[0019] fcte, ±iB#«K*l!fcS-f 4#8£ Or 
B. W^&^f- 1> 0 < BWB^ » F £Jg843 &2fffi©ffi 
tc. ^S*.4t»««IW©:75->*Sa*3-tt4^. 

[0 02 0 ] ^SSJSat^SWSJ&WJRttt* 
■C*f3> {t^^BPA-C*-5i#^tCfe±ia£|sHitC 
BMUTSCfcJ&i-CSS. TfiCtofe. WltCBPA^gM 
<*1ffct§£. W^WOx£BPA£#JKJE&0TW-BP 
At?a3'H5WtU- Mfc^*»6tt4K* 1 WBLkiC8i 
HtcjasRSn*. C©JRB. W*IMfcS-e4J:5ac1|iH 

*4<b¥IIA«*«tSi ^'^©ffffiTtcfcii-C 

te. C©<SS)gB. CMP©^tCPe&^-4>U< «we 
* F £ «9ft • ««WfC«tt-r & C £ tc «fc *J Sf5tc 0 
CC|»±3n*. 
[0 02 1 ] 

1 ) 13 1 B#«"»©3(asWcfei»T«6ffl-riflf 
^«g**-ri!iBsi3-c*>s. a* 1 1 taafcT»r*fittJi£ 

^+ v i/rh^L-^^-To RSftyfii'^yi 1 tCB. 
ttt9FBSS« 1 2 ^©tlgl^i^^ F 1 3 £*f|Sj 
tlii^SCLt^f f^sntos. P^ff F 1 
3B. -^^*;u^l l©T*tcieg3ti/cle]K 

oJ*fe&W@5e£ 1 4±tCB5C3{W<E>n-Ct,»-5„ S/c. S 

&t»w«w * > * testis n^fF^jffi^ie© 1 5 
©rtaafoww*'*--' f i 3ifi«*trgmsn"ci>*. c 

(Dmmmmmm 1 5 «. to^pj 1 6 ©«^s^su®-r 

**S*ffllitn»S. fete. WJS^7.Kl-3tctt. eiBg 
[0 0221 S2. (A) B. *36S6«"r«ffl-*-4tjEW» 

»fe 1 2 *^tilir*4 0 c ©«OT^*ffi 1 2 b& 
©«fc^{ci>r^»-rs. i>=i>S« 2 1 ±tc/i 

3 1 umgR©5/«;3>BMUR2 2*fl*fiRU -€-©±tc 
iSijfev^^ ho>^-5 * 'J>yStC<fc«3J13i^ 1 0 n 
m©j^3RI!2 3 2>. iiS©7 * F V V 

4 -Igte.fc^JSFSti'C^^i f 3 L >^XgtCj; 
0. e£SRJI§2 3te«fcO*>'U3>^bSi2 2'^^-i> 
^Lt, ^>;r3>^t)g2 2tCitI0. 4-10 Mm. m 
§ 0 . 4 ji m©StSlffiai«sJ:C^SISI8fflM?L9^Sfi 
^■2.0 ^t-»r. iSdSvy* Fn>x^-^^'j>^i4tc«t 
•3W3 5 0nm©a<b^i'>Bl2 4*^BSO. ?J#»S* 
ififlE^f * ha f 'J>^&{c<fc0/?3i^6 0 0 
nm©CuB2 5*flStS. ^2 (A) tC^Tcfc-5 
tc. CMPiS«i©Cu^2 5liai*-C*4->';3>Ht 
JS2 2tCSWe>nfcS^«:iiti£L,-C*i«5iaifiJB'K«rWT 



[0 02 3 ] C(D£ *) CC LXfm UcmwmWfc 1 2 £ 

Hitc^-rw»«s*fflt»'ccMP*tft». le^ffl^fc 

J:i^^E^H?LJa^^&CuII2 5 £B&£L.T 
Cu©a*jA^ie^*jJ;C>'Cu7-5i'*?r^L/c 0 CM 
PJcfltfBLfcWtfBWtt. 0. 1 2*)l/>) -j \-)UD?<) 
is> (C, H s O, N)7fc^i0. 44*^/'J»h 
^©illl^bWR* (H, O, ) £©ig£?gf£ (Cu©x 

30nm)45. 3 fi*%-C^fS:$# , 36i£0. 00 

1 -£Jl//'J "j b )1><D^~>V h VTV-fr (C, H s N 

3 ) (<b^t*ai) *»unorJtc4t©'r*4. w 

W^ffi^3 0 0gr f /cm 1 . I^Sl 4 
fcct^'X^f KDHIkSH 0 0 r pmi 

i> . mm^mDmm^mu 2 5 -C r— ft^^tci 

[0 024] CMP©*£*. W^ilffiteiftl 2 0nm/ 

(ccu)82 5©dHH5©±KStf 6tin»*fi[{b^ £>J1 

2 4 &|&SL#Wft«"fte>&t,>„ m?^>«i2 4©P 
Eg«gttCu|g2 5©flMK<fc»3iI<ift3 0nm/» 

2 5 <DWm&&k* f>!2 4 ©$fg<fc 0 tflfcfeJCj^ 
fc'K*r^k? : 5'>I2 4gP^iJ:b® C uI2 5 © 
8WH*IH«<S:1&:*©T. C uS12 5 ©Slffi_hK:£SHM# 

^3tiTCuM©p^* s -enj^±ji^^i> 0 c©/c 

g/c. CMP^©Cua4t>jA^Ei^*jJ:0*Cu^v^© 
ftffifc^Mil^^ra^bAiic^ S2 (B) 

[0 02 5 ] &*>\ CMP(C*sl>-CC uii(J*iSM 
■TS©-C\ CuI2 5©SIKBCu, CuO, Cu, 
O. Cu (OH) xmi)m&-?Z£%Z.btl&&> BT 

[oo 2 6 3 ^k. bt AzmuaLtcwmmzm^r , 

Cu{C»-rsWfiatt©flKtt#tfe*W^*:. c©<t 
igEAB40 0gf/cm ! <h L. VFBSAHBJ: 
1?> if^l' #©IhH£#[ tt^tc 60rpmit 
fc. W*jMt©**»*fflt*. »*©*!» (1/T) 
iKLt^'aj. ht>/cig**0 3(c^-r o 03^6B^f> 

frte£'>ic, ummo'cfr^mi oo-cs-c&ctetvr, 

5FgiSK©*f"rSfiK©fl»Sfc ( 1/T) itt. «t3f— ifi 
liLhtC^ci* hSft. -?■©<«!* t*:ft<h&S. fggfcCCJtffi 
UTl,>6„ Lfctfor, fflgilJg«£<i:LTCMPctHC 
Sac-2>f5J6^©{t^Si&fcj:o-r»jS3nr*i«5. «>a 

■S. C©Citt, CuI2 5^ffi{Cff^3*T,S«^ 



(5) #HJJ¥8 - 8 3 7 8 0 

S 

cMP<,cis^-cwmz : ¥-<$>L< urns'*? Kecta 

[0027] s/c. BTAvmm&ictt-rzwmm&to 
£u?x. v ^>^as©^t«:oc»rai^)'fc 0 -€•©*§*£ 
S4ic^-r„ 04©^7 7 4c*5t,s-r^#»y >;^>>o. 

6*>&<fc5K:. BTA€r85fini/%C»»^-{C«. WgjlJK 
10 t*»3 5 0 nm/». xv^>^aaKfitt4 5nm/«' 

iUfstSiBT A 0 . 1 h JU-Cli«fia*P0T(,>-5 

*fc. Cul2 5*fi5flW-&a:«>tC ! i:»B 
ftBTAOKi, 0.0 0 l ■=&;(//•; » h;W£nF©£< 

[0 02 8 ] ^tc. BTA£0. OOlWJ^A 

f ©1H6^«^6C6 0 r pmib/c. -€-©*SIJi£05 CC 

»LTtfcWWM*K*»5. *©a»tiH5©^^7©jBl^i 
^Ir>tl^ilbn5„ -r^tJ^. ilS©CMPtC*j 

*KHt«3nri»5. fl,^5iCul2 58iOS 

Wfl5fflt?i»*3 ft s aatc*js §^Ti,^i#Ae.n 
30 aa^0 3 (c^f#sar ©w^jta©ffi * -e_htf & c 

[0 02 9 ] yctc. 7^-^ ^»^S©lB^iPi«<#tt^-o 
Cirp^/c. -e©*g*SrIg|6tC^T. CCTtt, flgp© 
CuI2 5fcJ;c>'S{b^^>K2 4*-r-<-r^*L/cB# 
£$f^7ll#<h L/fc„ S6*>6W6*»JiJ:^{C. Cul 
tbiLfr&MOf a vissVmt. W&Wfi 1 0 Mm©ie 

aw*»ri&i 5 0nmr*<3. stm±««wia©ac» 

?» is <t ^ iifjjD o % o it c tz^m-rz 

40 i. Cu*2 5±(cJBfiSSti!t«BW3Wa*W«:fltt6b 
[0 0 3 0 ] *S6tfc««:ten-rtt. MW^Ki ore u 

urcut(^©4i, pj^.«Ae, ai. w^©fli-^>c 
ft6^3EfiS^<t (/fc«*fflt>A:»^tctet»r <>FI«©3I» 

50 *s. SfB&^-iO-C^H^tit^f-ilSI^ftSt^a-e-ftfeti 



(6) 

9 

«*K*W-r5TJU5:J-«tf-. 1Mb?- SMb^ 

jU3x?Af<tf\ mUeWJJBfr* feitmmk*. $ 
[0 032] *fc, ^HitWcfc^Ttt, x^>^#J 

S^BiatiTS K*M©»£it&. iS^b*^ <H, O 
, ) . SSK. %!E!&ftBt. *vr>*«©BMfcJn&*»6fc io 

&4>©. BUtr^-^A. tg{bT>*-^A, i'CJA 

r4>|5]«©?/jm*s|f fate. BTA*/c«BTA 
[0 03 3] *»f?((cfci,>rtt, FCC 

f. *fc»-eti^2fli««±©a&*^» k 

(msm 1 ) wmm t lt , 0 . 12 * ;u/ y 
^ y '»*^fig io. 44 ■t.ii'/ y y h frommi b*^ 

*£©fi£8* (Cu©x- ? 5=->y^iJ) (c. ffflflfrf-i 

Ur ^ 'J **4iF 3 0 n m ) * 5 . 3 WM%V 

i> r b t a £gs m b r t, t © £ ffl c c i jy H-am 

*6W£R«K:i,TH2 (A) (C^TttVFSSfil 2 CCC 

[0 0 3 4 ] CMP©f&HI. fflmmi£izm2 5 0 nm/ 40 

#r & 9 iisjsr* * & # . -T< ?miimtm\<DW,& 

4 m mie^itgtCteC^-Cti'r -< ? ^>^*S#;ft3 0 0 n m 
■??*•). 5 //m«±©Kia«K:*tl»r«IE«ffl«rt©C 

fifii. B«ffl»*j«fca t ^«iB»ffleB7Lrt©T^r© 

Cu^t/fc. 

(£ttffl|2) 07 (A) «. «S6WC«fflr*»WlSf 

s& i 2 £*vr wms-c* &„ c ©mp^»« i 2 
©•fc^tcbrftu-r*. *>ya>»ig2 1 ±tcJ3 so 
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S 1 *£mea©^U=i>M{b*l2 2*JK«E. ii 

3 L >:?X?itcJ:9. S";=i>ttMMB2 2&**-~l'if 
Lt. -> U 3 >gtfblg 2 2 CC*g 0 . 4~10um. m$ 

o . 4 u m©i2^ffl^*Jcfc vmM&mmmimzBm? 

yS{C«fc»)iPStt2 0nm©f*>i3 1 fcJJCflfS^ 

7 0nm©^tf*>i2 4*Mb, ^ 
<t^^Xf> (WF 6 ) 3«/x*jJ:Of*3R^©iB^^ 

FWJI3 2*»JiW4. 0 7 (A) :cm"TJ:5 
CMPitHir©Wlg3 2»»f*-C*€.^y3>K'fbie 
2 2 KW1hti1d^tem$£l,Xisr)WamRi:1l? 
*. 

[0 03 5] C©<t 5 {CLrrf«lLA:WWF*»« 1 2 4 

<t i^0EE«Min?l&^©^«; WM 3 2 *iit,tW 
©a^ji^ie^fciO'W^^^^ESU/c. CMPtC^ 

fflb^wjsffjt*. 5(*«%©awMb*«*««cc. w& 

ffil%r»»$ti-, ^6fco. 4s/y^ Hju©n — « 

IE) ^asjloo-rrttSfc©^*^. WSKfefrtt, W 
^EE^J 300gf/cm' . P^SM 1 4 is&VX&* 
+ 1 ©@$3& lOOrpmiL. WSSfi 

[0 03 6] CMPOe*, iSMttft3 0 0nm/ 
>K3 1 te^vrntm^mz 4 t»*Lft:Wn««c6 

«ci,>. ?-^>M3 ifcii>m?f >j®2 4©w^jie 

«W)g2 5 <^:^^<!:^<!:[iID^3 0 0nm/^t*ofcfc 

fc, igiiK:^*f ■5ci*5'Clrfc <> CMPf^©w 

[0 03 7 ] Ajrfc, CMPCCtel>rWSS(C«. W. W 
Ox«St*iiBSE^44*it6ti***, BPAttC^-Tn©^) 
Mi U- F{fc^»*»fiSl/-Cfiffl|j«*KW*. 'X 

(c. r-i >~»i/fi:©SeigiliifiSi?14K:oi,iri)l^/c„ -e 
©fif«4ia 8 (c^-r. ecru. asB©wjg3 2. 

>BS3 1 *j«fcCfa^b^af'>8t2 

^ie^©^ ee^ifi* 5 1 o u m©ee^* 

*gp-C^5 0nmT41 Jlffl±tJ^SI©^cl^ST 

>^^i«^^<!:^<!:if»^L!^^^ofcC<i:^#^■r■^><t. w 
Bt3 2±tc»fiR3ti*:flaW*«S!!i*W«:«ttUr«,>*c 
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[0038] *3otw{ctoi»-ctt. wmmmt orwj« 
[0039] s 6k. ±iensfew-c«, w.wmwt l 

Ltl>W. WF 6 *"^iS i H 4 ±}Xt<Dm.-&i3X> 

rwj»©aiRissfi*fT sw^tcat or i>*mmtmm oj 
-^*wr-5»M*eim©fitc«S'r*^ y 3>e^T 

i NJ1, T i S i3?©'>yiM KJB^©±{CSBRfc|K:W 
St^JdcgSt^ii^cfc^r. aJRtt©Jin«:«t'J. 16 

[0040] xmnmias^-az. m^&^t l 

Ktt^§f*fflt»fcj»^K:*ji>Tt>iaia©jai«3&« 

[004 l ] Jfc. ^^JfcWcfcurtt. *?*>ifW 

*JBt>fc*£cco»,>rsyiB or c»4*t. x ? ^> ^gfji 

^7 5>i 7 * »; *xt >fb# y £ a i y 

fWf>ns. it^iitu, x^>y?- 
4Ittm«:jfc ore ©*m t * v - v tt£ft*>ttftf b& 

fc«^K*Jl>rt»ra«©J***J»6*iS. 

[0 04 2 ] **te^fC*jt,»r». fflg^ ? FCC 

wwis£8RWi> a» ?> & a fW' < » f i > ytaw . mm 
tt©«K*WT*fe©r**titfa<. «*.«. #yx^ 

K. *fct«*i6 2«SW^±©«i6c*A7 K 
■efcW*^"-» F9*flit>rtJ:l,». «c*». ±ELfc«« 
135Jt©i§iS#<!: Ortt, *§£a5##T;U*;l>g (y^ju 
x*;U»3f) tc«*Stt>-,jitt>©3&q$(c»*0(,». 

( ami 2 ) f*&*u t u r , 5 ©iasgfb*^*^ 

*«:. WBftt-T-iLrrJbS^tt-f (¥^S5 On 
m) £1. 011%tM5t?c*)O, r>i*>%3QfiWI 
r««OA:iirjsw«:*ii»rBPA*»»iLrc»ttt><>© 
*ffll»4Ci«W4«WHl2iPI««CL/ria7 (A) tc 

^rawsas i2KCMP4tf-jfc. 

[0 04 3] CMP©M*, 9F03&Kift3 5 0 nm/ 

#r**mar*-2>#i. ■r-/ vis>imi!fimtfoW2.<Dta 
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5(C. fc/N&H©0. 4 Mmie^itgic*j^r«-r ^ y> 
>^i*Sft2 0 0nmt*D. £6GC. $ftCVDB$K:j£ 

R83h*iHilR**W©wjs©^*>-ttg{cfflorx»?-> 
ifififflj L . EffiUC ft 3 3 #H c » fctBBK: -> tc. 

mmffl3 > *«w©wB^fffitc43c>rB. ff®*cc# 

H> 0UtfCu ©Office. ft£K3|g, WAtfBTAii 
mt<Dit^m (Cu-BTA) &&tt&ftflURtf}&i&£ 

io s. c ©*§-£. Cud-; ^>^ilJK©?§14'fbx*;u*- 
- E . . fctittastfj:*:* < . C u ©W@ilg©r£1£x 
-E. D «J:b^/J^3^„ Ctiit, WBftcfet»rt4. -fb^ 

/diot. E..>E.,,©|SHfcjWjR»J:£o„ C©fctf>. W 

saa/x ? ^ > yas©tb©ffl«ffia« <t-;*c£ < & & 

©r. •^-r f ^ffi«©ts**> 6 ufiiar CMP ?r?f 

[0 0 44] -ecr. 3<zJI)5fi^!lr«. CMP^rffiSrtf 
■5JS^C-3t,ir^BJT^>„ CMP«:<g;S. WA«2 0°C 
20 krFriT-5i«£&c«. fF^^. WB^-? F. teicKi 
mffl<D ti>— -3^iporfcJ;< . ^it>(c:ji 

^©ss («a) rsi-e»©wB*m». ttwrig 

S. 0M.tf2 0 -C«T-CSI=S»©WB*tf r»r t J: 

[ o o 4 5 ] 0 2 ( a ) K^-r&ragsis l 2 l CC 

«SKI^H7IJai^©j8MM«c CuI25 £Bfc£ ItCu© 

fflbfcw®?fij«. 0. 1 2-t^/y v FJU©d^y-» 
30 (C, H 5 o, N)*?§Mto. 4 4*;u/y-^F;u© 
MK-fbk^Tk (H, O t ) toi^S (Cucdx^ 

(c, wiei : -iit->'j*&f (?^es3 0 

nm>*5. 3fiS%r»«(3ti-. 56K10. 001* 

V>;9hJKDt>7h';7 > y-;Mc 1 h 5 n, ) 
(fb^W^) ^B(§J]nbrfe^fe©r'$,s„ 

IgE*400gf/cm ! . WSS^14*JJ: 
D-'X^^ + >;i?*)\,-if 1 1 ©0^6 0 r pmitfc. 
[0 04 6 ] COi^OCuCWgaatJ^iy^V 

40 -r„ 3Ecfc. m&itto- 2°cfrt>mi o o°c*r^b$# 

fc. 010 *>6^6*>ttJ: ^(C. fF^ilSfciO'x ? 
^VmmZ, SS©it^ ( l/T) ©exponential (Jg 
80 fctb^JL/c. Cti6©y5 7©«**>6WB«K© 

rgt4{bx^;u+"-E„*jcto'x 9 L >i»"jiS©rStt{bx 

*imf-E..**tl-€ , n*Aii. E.„3&5^)0. 7eV 
r*0, E.^iftO. 9eVT*-,fc. fn€il©?7 
7©«*ttftr*0. E, t <£.«r*5Ci*6. 0FB 

jas/x » ^> ^as©tt©fa«fi««^* < ^c€»o 

Ltc&-?X, CMP©aS75ifi?gr*Sa<!:". c uge^ 
50 ©7= ^s**^f 
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[0 04 7 ] #{C. W^SKSr^S (24. 0 °C) 

fi©i5i^i|iifici?wcoc^Ti)ii-<fc 0 ^-©^m^ia 1 1 K 
^-r„ ccri*. i£bSi5±©Cu^2 sfcJco'Sfb^f > 

Ig2 4?:-r-<-C^LfcK5F?:W^7B#i Lfc. H 1 0 

[0048] ^(c wmmmzm.u (24. 0 °o &ct§: 10 

SltCMP^fofcii^i, $FgfiJK4 1 4. O'CiC 

teifjc tick. *) . * # <; v is > ^©-r ^ -< ~> 
> ^fi©tijra*«i$ij-r -5. c l #r # s . 

[0 04 9] £/c, CMPfgOCuS&ji^SatfcJ:!^ 

cu^ ^mm^^Mm^mm-cmmutct c 

5. 132 (B) (Cm? CMPCCJcOliiU/ci 
S*5h-5^«^<m6ti«c*»-3fc„ 20 

[0050] *|gjs«tcfct>-rtt. tftwewt orcu' 

L,TCufeJJ1-©#JI. m«Asr. Al, W3?©B|-£>C 
[0 0 5 1 ] £/c. 2BatWCC.*jC»'Ctt. iF^iTiL- 

[0 05 2 ] £ /c, ^HJSWcfct^T », x > i^J 

tori"; J: tf»ttfbfc**©«^i6** 

<t^f*Jii£ 0-CBTA*fflC»fct»^K:-3i»rSi93 

S^KiTS FflEM©&£St<h. jlBNt** (H, O 
, ) . UK. <XiEttXet. *v/>*aj©ltfbSiJi*»e>& 

•5>*>©. T>*-T. ilT^t-^A. ffiibT >■=£:- 40 

mtr&vtM. mtiBTAosiiNH*. cne.^ 

X-f 5 2V-Jk F 'J7'/-^K -f-'J =f-A>7)\, F**> 
A. if l/>i/7;>, yXf ■< >. p-75/'<>X 

T^f't F. j^ujgfWt* Ff^;i'^Ji'*7"i'>, *x* 
fc«-&(Cfct>rfc|3I«©^m^#e.tiS„ #(C. B T A 50 
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[0 0 5 3] £/c. *HfeWc*ji^r«, flF^y F&c 

^fc>-3fcfe©##&C#g L/C*. 
(**094 ) H 1 3B*»9i©WK«rffiK:«!fflt-*W* 
«S©-g|5*^-r«lBgST-*5o C©ff^g«C*j^r 
«. W^Mi 4Aicj^|ffiBB4 i#Rtte»*vci> 

©»«*a*S-SSCitCj:»3; VFJS^Il 4*5«fcOtW 
F 1 3©«K%W8-r*Ci*i'CSa. mass 

©iSgP^©#««^7X-7r-f^*--C*0. &J)tttt4 

iJt«or**sa36J/hs<. *&e###ii*t>©T\ ail 

ftfiflHBffl**?Iffit?*4. &Jft1faitt4 1B2X&D& 
iS^KS (^S4 2. 43) CCgi^3n-C*jf3. jsfe 
*©«')e*^-Y^*4 4-CIH!l^. »«©«««»* W 

S42*Jj:U f 43«lB. -en-enWSSiJ«*&^4 5*i 

j:o'4 6*s-?-n^ng^^tir*it3, ttta-r svf&#j© 

4©±*«ctt. i^iPSn/c^^WSSSl 4±tc?>:|e 

[0054] ±§a«fi»*wr*waaaK*ffl«r»"c. -is 

Pg©P^. -r«:to%»-©iFJB (^SW®) fc<fct>'0- 
©W© (ffiSW©) fCMP?rtf-p/c„ J^*J> ?%£P&4 
2©RSSJK*2 4. 0'CiU. ^*PS43©g:SSS 
*14. O-Ci-r-SCifCcfctJ, 9fffin^mtt4 5ii 
«fc ^©rtSPOefSffJCSS* 2 4. 0 'CiCMSL^B 
C. W^S>J«*&^®c4 6*sJ:0*^©rtSi5©if^'J©SK 
414. 0"CK:SJgSagpl,/c y*f FyXjU4 

7 rtgp©*E*©sjs *>i4.o °ct,cm&mm Ltc 

[0 0 5 5 ] *r. ?*-44KJ:*»WBf5£ 
fi 1 4©^lffif9He4 1 £<£iPS4 2 (CSMftL/. WS?PJ 
ttl&SftlK4 5*fflt»'r. W«f«K*2 4. 0-CCCiS5c 
L. H)!ified3 4l5]1iCCbrCMP?:tf ofc„ C©£#, 
W»«fIBB. »7^©68 0%il/fc. -e©*s 

mowmmmit z % 5 #-c * o ?c„ 
[oo56] m-<Dwm<D&. mmtm&mvi* 5 
jho. wajaii4©?^fltiHR»4 » 

^4 4«c«t«j»*|iS4 3«:Sfe«iy. AiitcvrBSS] 4 
r*9tc 1 4 . 0"C©#ip*£tgfS3-t±6<L*«:. 
y X ;b 4 7 ri> 6 i^iP 3 ft ItoK 4 « W f 4 c <t 4c J: <5 . 
ffiSil 4 4^*P0fc„ P^SSl 4±©W^^'-> F 

i 3 si©ias» i 4 *c«ctt o fc«FMir . vnffn^ifr 
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<to, ffs— ©w»-c»#Lfcai»*£r«F£ofc. t© 
£#. *-©W«M)WJB«p|HItt2»2 4»-r*- 3 fc. 
[0 05 7 ] ^{C. WeStlfcC uffii&KfcWSfw ? 
» yS©Ei£tg&i?tt&i^/c„ ^©*£H£0 1 4 tc 
jjVT. 0 1 4fr6HB6JKcJ: i 5{c, ^fi. <S*S©:^K|ig 

[0 05 8 ] 

gp*3t»-r -5. «fc "5 (c^B^aE^ £ -T *t*«* 6 % £ 
I2£Jg££j£#£t-£l#f4©i ^ ^>i^pj^wr^©f 

[Hfi©Mf#ttK3in 

[02] (A), (B) «*»W©WB*ffi©-^afi« 

£©M^*^-r^^. 

[si ] 
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* 7. 

[05] *»9i©Wfi^«:fcW&wafE*iWfiBSBE 

[0 6] ^IMBCWB^JCfcWSEaifflifw 

^S£©B8^^T^'^7 0 

[07] (a) , ( b ) te*mn<Dmmiim<Dm<Dmm 

[0 8] *^©WBWFffi«:*iW5e»IB<!:fw v>> 
10 [0 9] S63|E©W»*iS*ttWrSfe»©»rBflia. 

[0io] *«w©ws*fficc*jwsw»iafi*5«fccfx 
[0ii] ^mwomm-xmaevz&mmtT a v\s 
[012] ^ijBowtfttrffifcjfawafw » ^>y*£ 

[013] 3W6W©W«*S«c«ffl3tiSWI«»«©— 

[014] stdiWOWSEfrffiKfaWiEltBif 1 ^ is 

20 >i/ii©M^t^77„ 

[flF#©»ipn 

1 1 -X3S^ + ? 1 2-»SB8S«. 1 3 ■•• 

mg'*? f. i 4-wfiB£«. i 5-wesij«*&se ! & > 

16 -WWW. 2 1->^>Ii, 2 2-t";a>» 
ttJS. 2 3-US3RJK, 2 4-SHb**>K. 2 5-Cu 
M. 3 1- ?-f>I, 3 2-WI, 4 1-&J889HB. 
42, 4 3-&£P«> AA-'m^m^Avf-. 45, 
4 6 ---0F&ffll0U&&tt. 4 7 » h ^X;U. 
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